Bottle gourd [Lagenaria siceraria (Molina) Standl.] genotypes were collected from different parts of Turkey and a core collection (CC) was established based on morphological characteristics. The collection was grown for morphological characterization and seed multiplication. Seeds were produced from 322 genotypes (Entire Population-EP) representing diversity of entire country by selfing and the accessions were characterized for 25 quantitative and 21 qualitative morphological characteristics. Important variation was observed in fruit size, cotyledon dimensions, leaf dimension, flower size, fruit length (8.7-155.7 cm), fruit shape (flat-elongate), seed weight (3.8 g/100 seeds -38 g/100 seeds) among accessions as previously reported. UPGMA cluster, and principal component analyses cluster of quantitative and qualitative characteristics of EP were assayed. Results of the assays together with geographic origin of the genotypes were analyzed to establish a core population (CC) consisting of 100 genotypes. High correlation between the CC and the EP (r= 0.974 for normalized Mantel Statistic Z) demonstrated that CC represents the most of total genetic variation with minimum redundancy in bottle gourd germplasm of Turkey. The CC will enable efficient and cost-effective management and utilization of bottle gourd germplasm.
Introduction
Bottle gourd, calabash [Lagenaria siceraria (Molina) Standl.] belongs to the Cucurbitaceae family, is generally accepted as "the white-flowered gourd" due to its white petals. L. siceraria, an annual, monoecious and vigorously climbing species, is one of the earliest domesticated plant species for human utilization (Decker-Walters et al 2004) . Bottle gourd is extensively distributed, and ocean currents are believed to have mediated migration of L. siceraria from Africa to America, and consequently the species is divided into two subspecies: Asian bottle gourd [L. s. subsp. asiatica (Kobyakova) Heiser] and American/African bottle gourd (L. s. subsp. siceraria) (Kistler et al 2014) . In Europe, bottle gourd has been a known species in northern Italy since the Iron Age (Schlumbaum & Vandorpe 2012) . Whether bottle gourd originated from Africa or Asia is the subject of studies all over the world including Turkey; no historical finding about bottle gourd has been reported, however, recent molecular analysis suggested that Turkish bottle gourds are mix of African and Asian bottle gourds (Gürcan et al 2015) .
The mature dried fruits of bottle gourds are used by people throughout the world as containers, kitchen utensils, musical instruments, for artistic purposes or in some coastal regions, fishing net holders (Decker-Walters et al 2004) . Young leaves, shoots, seeds, fresh tendrils, shoot and leaves have been also utilized for cooking and some therapeutic aims (Loukou et al 2007) . Additionally, L. siceraria has a potential to be used rootstock for watermelon since it is likely to have resistance against different biotic and abiotic stress factors including Fusarium wilt (Yetisir et al 2003) , salinity and water-logging of soil (Yetisir & Uygur 2009 ).
Collection, characterization and presentation of genetic resources, and their use by breeders and producers provide a clear path to achieve sustainable agriculture (Given 1987) . The conserving plant germplasm has been remarkably progressed in the last decades. In many cases the increasing number of germplasm collections has become to limit their accessibility and utilization in plant breeding and research. Difficulties related to utilization of large germplasm in research purposes led the researchers to establish "core collections" (CC) which does not replace the existing collection, but it is off limits size and chosen to represent the genetic diversity of a large collection (Frankel 1984) . Several recent studies on collection and evaluation of bottle gourd genetic resources have been conducted based on traits in USA (Decker-Walters et al 2004) , Kenya (Morimoto et al 2005) , Serbia (Mladenović et al 2012) and Turkey (Yetisir et al 2008) . In the previous study (Yetisir et al 2008) bottle gourds were collected in just Mediterranean region of the country. The study demonstrated in high morphological variation and indicated importance of germplasm collection over the entire country. Here a) we collected and studied morphological (quantitative and qualitative traits) characterization of the bottle gourds in the all regions of the Turkey where bottle gourds grown and b) additionally, a CC consisting of 100 genotypes were established the first time. This study is the most comprehensive on the collection and morphological characterization of Turkish bottle gourd accessions.
Material and Methods

Collection of bottle gourds and morphological characterization
Bottle gourd genotypes used in this study were collected under two projects (TOVAG 3216 and TOVAG 111O117) financially supported by TUBİTAK and introduced from different countries. Additionally, bottle gourd accessions obtained from international gene banks were investigated in this study. Available seeds (maximum up to 24) of the collected 418 genotypes were planted on March 10 th 2012 in multi-pots filled with a mixture of perlite and peat (1:2) in a greenhouse at the Alata Horticultural Research Station in Erdemli, Mersin. The experimental area receives annual average rainfall of 500-600 mm and the soil characteristics are sandy-loam with a low level of lime. Ten seedlings for each accession with 2-3 true leaves were planted into the field with 3 x 0.5 m spacing. 
Data analyzing and selection of accessions for core collection
After obtaining characteristic values for the successfully grown bottle gourds, the phylogenetic relationships among bottle gourds were analyzed by unweighted pair group method arithmetic average (UPGMA) and by principal component analysis (PCA). A morphological distance matrix based on all traits was generated by applying the Euclidean coefficient, which was subsequently used for the preparation of a UPGMA dendrogram with the Numerical Taxonomy Multivariate Analysis System (NTSYS-pc) version 2.1 software package (Exeter Software, Setauket, NY, USA) (Rohlf 2000) . For the PCA, the data from the entire population (EP) were analyzed using XLSTAT Statistical Analysis Software together with Pearson correlation coefficient (Kovach Computing Service 2013) based on the 25 quantitative and 21 qualitative variables. The UPGMA dendrogram, PCA, and geographic origin of the gourds were used to select establishing a CC representing genetic variation of the entire bottle gourds. All exotic accessions and the Turkish accessions with the most extreme traits were included in the CC. Source and accession numbers of CC genotypes can be seen at Figure  2 . Correlation between the EP and CC were tested by producing and comparing the distance matrices using Mantel test of NTSYS-pc software, which is performed by Pearson product-moment correlation coefficient "r".
Results and Discussion
Of the total 418 accessions including 380 Turkish accessions and 38 exotic accessions, seed of 96 accessions did not germinate and the remaining accessions germinated and produced healthy intact plants. A total of 322 produced seedlings and were grown in the experiment field successfully. Of these 322 accessions, 292 were Turkish and the remaining 30 accessions were exotic. Seeds produced from these 322 accessions were deposited in D8 Seed Bank, Ankara, Turkey, (http://www. d8seedbank.org/ContactUs.aspx) and available for breeders and researchers upon request. Twenty-five quantitative and 21 qualitative characteristics were investigated for these 322 accessions resulting in a significant variation among the Turkish and exotic accessions (Table 1 . and 2.). The fold difference between minimum and maximum values for the quantitative traits ranged from 1.6 (blooming time for male and female flower) to 15 (fruit length) folds. Interestingly, fruit dimension varied from 8.7 cm to 155.7 cm in length while fruit diameters ranged from 4.6 cm to 27.7 cm. Seed size also showed notable variation with about 10 fold differences between minimum and maximum value of 100 seed weight. A remarkable range of variation was also identified in seedling, leaf and other fruit characteristics: hypocotyl length (1.4-9.9 cm), leaf length (8.3-24.6 cm), male flower width (2.6-13.1 cm), female flower length (3.8-11.8 cm), petiole length (5.5-30.5 cm), and fruit shell thickness (2.8-16.3 mm).
With respect to qualitative characteristics, plant growth habit (all prostrated), corolla color (all white), sex type (all monecious) and tendril shape and branching (all branched and coiled) did not show differences. However, the remaining traits exhibited notable variation and were separated into several different classes (Table 2) . Nine observed traits distributed in three classes while seven observed characteristics separated into four classes. The highest-class number was identified in fruit shape with nine classes (Round, elongated, pyriform, cylindrical, dumbbell, elliptical, flattened, curved, and crooked neck) followed by five classes in leaf shape (oval, round, kidney, heart, and slightly lobed) and pattern of secondary color of fruit skin (Absent, speckled, spotted, streaked, and bisectional). Prior studies showed that Turkey is not the genetic origin of L. siceraria, and the bottle gourds could have been introduced from both Africa and Asia through multiple gateways (Gürcan et al 2015) . However, present study confirmed that Turkish bottle gourd germplasm has still a significant variation. At present study, the most obvious phenotypical difference was found in fruit shape and volume. Significant variability of seed and fruit characteristics of bottle gourd accessions from different part of Kenya (Morimoto et al 2005) and Serbia (Mladenovic et al 2012) were recorded. More recently, Mashilo et al (2017) reported that presence or absence of fruit neck, fruit shape, degree of neck bending and fruit neck length positively correlated the phenotypic variation of South African bottle gourd landraces. In the family of Cucurbitaceae, the significant range of seed and fruit phenotypic variation has been also indicated in C. pepo (Paris 2001) , L. siceraria (Morimoto et al 2005) and C. maxima (Balkaya et al 2009) .
We aimed to form a CC representing genetic variation of the entire bottle gourds we possess. In order to determine most appropriate composition in the CC, initially we included the accessions with extreme values such as extremely large and small fruits. The dendrogram and PCA of the EP were used to select the most diverse bottle gourds in Turkish germplasm paying attention their distribution on the dendrogram and PCA and excluding closely positioned genotypes. Additionally, we paid attention to include samples from different regions of the country to represent geographical diversity of country. At first, our selection resulted in total 116 accessions. After that, UPGMA dendrogram and PCA plots were constructed several more times to reduce the number of accessions in the CC. Finally, we terminated selection reaching the number 100. Correlation between the EP and CC were confirmed by the Mantel test in which "r" could be in the range of -1 to +1. When "r" is close to -1 this indicates strong negative correlation between the EP and +1 indicates strong positive correlation. We found "r"= 0.974 (= normalized Mantel Statistic Z) indicating that there is very strong positive correlation between the EP and CC. The UPGMA dendrogram of CC revealed their genetic relationships (Figure 2 ). The dendrogram separated genotypes into two main clusters without any correlation with geographic origin and traits. The upper cluster on the dendrogram contained 50 accessions located closely. The lower cluster consists of the other highly diverse 50 genotypes. In cluster analysis, it was shown that grouping was not closely related with collection sites and phenotypically similar genotypes did not take place in the same group. Twenty-five quantitative and 21 qualitative traits of all bottle gourd germplasm were analyzed to establish principal components. The Figure 1 . depicts the plot of the first two components of EP including CC. For the 25 qualitative traits, the first five principal components for EP and CC explained a total variation of 57.4% and 59.3%, respectively, and the percentage variability of the first four principal components is greater than seven from qualitative scoring (Table 3 ). The first principal component (PC1), predominantly of leaf attributes (leaf length and leaf width) and some flower traits (male flower length, male flower width and female flower width) explained 20.4% and 22.3% of the observed variation in the EP and core accessions, respectively. Considering the 21 qualitative variables, the first five principal components for the EP explained a total variation of 34.7%. PC1, predominantly of leaf attributes [leaf pubescence lower (23.8% of PC1 variation) and leaf pubescence upper (21.7% of PC1 variation)] and blossom-end fruit shape (11.4% of PC1 variation) explained 8.2% of the total variation. The results of PC analsis for 21 qualitative traits were not presented since qualitative characters were found to be less informative comparing quantitative characters. We have not observed distinct groupings based on geographical origin, plant growth traits nor fruit shape. Neither principle component analysis revealed any groping based on geographical origin.
In this study, phenotypic characteristics have been used for characterization and evaluation of Turkish bottle gourd germplasm with exotic accessions resulted in establishment of a CC representing genetic diversity of the EP. The CC concept was introduced by Frankel (1984) and further the concept was developed by Brown (1989) and van Hintum (1999) . Creating a CC requires definition of materials, division of the entire group into sub-groups by stepwise and finally selecting of the entries from each group to establish a core group that represents the diversity of EP as well as possible (van Hintum 1999) . It is interesting that this approach does not include geographical distribution although studies show that significance of geographical information as a criterion for diversity of country. At first, our selection resulted in total 116 accessions. After that, UPGMA dendrogram and PCA plots were constructed several more times to reduce the number of accessions in the CC. Finally, we terminated selection reaching the number 100. Correlation between the EP and CC were confirmed by the Mantel test in which "r" could be in the range of -1 to +1. When "r" is close to -1 this indicates strong negative correlation between the EP and +1 indicates strong positive correlation. We found "r"= 0.974 (= normalized Mantel Statistic Z) indicating that there is very strong positive correlation between the EP and CC. The UPGMA dendrogram of CC revealed their genetic relationships (Figure 2) . The dendrogram separated genotypes into two main clusters without any correlation with geographic origin and traits. The upper cluster on the dendrogram contained 50 accessions located closely. The lower cluster consists of the other highly diverse 50 genotypes. In cluster analysis, it was shown that grouping was not closely related with collection sites and phenotypically similar genotypes did not take place in the same group. establishment of CC (Rodrigues et al 2004; De Cristo-araújo et al 2015) . We established a CC consisting of 100 accessions following generally the procedure for the selection of a core collection described by van Hintum (1999) and furthermore we included geographical distribution as a criteria during selection. The significant positive correlation (Mantel's "r"= "r"= 0.974) between EP and CC could be shown as successful accomplishment of CC of bottle gourd. Moreover, the high correlation between EP and CC was supported by PCA.
Conclusions
In the present study, Turkish bottle gourd accessions collected from all over Turkey and derived from USA and India were morphologically characterized and significant genetic diversity was determined between accessions despite the knowledge that Turkey is not the genetic origin of bottle gourds. Bottle gourd genotypes were characterized for 25 quantitative and 21 qualitative traits. It was concluded that quantitative traits were more discriminative than qualitative traits. Quantitative characteristics of cotyledon, leaf, flower, fruit and seed were found to be more discriminative than others traits. One hundred bottle gourd accessions were chosen based on the morphological characteristics investigated in this study to create a core collection representing the majority of the genetic variation of all genotypes within the entire Turkish bottle gourd germplasm collection. 
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